Introduction {#Sec1}
============

Surgical care, encompassing surgery, obstetrics, trauma, and anaesthesia, is needed to address nearly one-third of the global burden of disease \[[@CR1]\]. This need remains unmet for billions of people, as less than 6% of all surgeries are performed in the world's poorest countries, despite representing more than two-thirds of the world's population \[[@CR2]\]. The majority of individuals in these low- and middle-income countries (LMIC) do not have access to essential surgical care, with an estimated 143 million additional surgical procedures needed annually to bridge the gap \[[@CR2]\]. People in resource-limited settings continue to suffer due to a lack of trained healthcare providers, inadequate health system infrastructure, disproportionate out-of-pocket healthcare costs, and a lack of prioritization of surgical care as part of national health plans \[[@CR2], [@CR3]\]. With the recent approval of World Health Assembly (WHA) resolution 68.15 recognizing the importance of emergency and essential surgical care and anaesthesia as part of universal health coverage \[[@CR4]\], and the introduction of the United Nations (UN) Post-2015 Sustainable Development Goals (SDGs) \[[@CR5], [@CR6]\], there is a critical need for consensus regarding strategies to support advocacy, resource mobilization, and strengthening of surgical systems as part of national healthcare plans worldwide.

The past 2 years have witnessed unprecedented engagement by academic, public health, government and multilateral organizations in advocating for the inclusion of safe surgical and anaesthesia care as part of the global health and policy agenda. Recent milestones include the publication of the World Bank Disease Control Priorities 3rd Edition (DCP3) Volume on *Essential Surgery* \[[@CR7]\], and the Lancet Commission on Global Surgery (LCoGS) report that demonstrated a lack of access to surgery for 5 billion people worldwide \[[@CR2]\]. In May 2015, the Global Alliance for Surgical, Obstetric, Trauma, and Anaesthesia Care (G4 Alliance) was officially launched as a coalition of 20 organizations dedicated to providing a voice for the billions of neglected surgical patients around the world \[[@CR8]\]. Building on the pioneering efforts of numerous other groups, including the World Health Organization's (WHO) Global Initiative for Emergency and Essential Surgical Care (GIEESC), the G4 Alliance serves to support WHO efforts and others by providing a much needed advocacy platform for the prioritization of surgical care as part of the global development agenda.

The DCP3 provides evidence on intervention efficacy and cost-effectiveness for the leading causes of the current global disease burden. The inclusion of a volume on essential surgery helped to define the avertable burden of surgically treatable disease and the potential impact of increasing access to surgical care to reduce the overall global disease burden. The LCoGS engaged individuals from over 110 countries to produce an evidence base and a compelling argument for investment in surgical care. In May 2015, the combined efforts of numerous organizations and stakeholders culminated in the unanimous approval by 194 WHO Member States of a WHA resolution dedicated to addressing the importance of surgical and anaesthesia care \[[@CR4]\]. Resolution WHA68.15, "Strengthening emergency and essential surgical care and anaesthesia as a component of universal health coverage", issues a call to countries to adopt and implement policies that support prioritization and integration of safe, high-quality, and cost-effective surgical care and anaesthesia as part of existing health systems \[[@CR4], [@CR9], [@CR10]\].

In only 24 months, the G4 Alliance has grown to become a network of over 80 organizations around the world, including non-profit organizations, academic institutions, professional societies, federations, and private sector partners. The Alliance seeks to build political will and public health prioritization of surgical, obstetric, trauma, and anaesthesia care in support of WHA 68.15 as part of the global development agenda \[[@CR4]\]. The G4 Alliance advances this goal through advocacy, policy implementation, and resource mobilization efforts. Its membership is purposefully diverse, with dues-paying member organizations in over 140 countries. Member organizations include experts in general surgery, obstetrics, trauma, anaesthesia, and other surgical specialties, as well as nursing, midwifery, and other non-physician surgical providers, disparate disciplines that have historically worked independent of one another yet are vital to strengthening surgical care. This manuscript describes the process and outcomes of a consensus building process that was used to develop a unifying target and consensus indicators for Global Surgical Systems Strengthening that has been approved by this very diverse alliance.

Global consultation process {#Sec2}
===========================

The G4 Alliance implemented a global consultation process (Fig. [1](#Fig1){ref-type="fig"}) that includes the engagement of expert working groups to create consensus recommendations regarding global surgical care. While this consultative process is ongoing, recommendations have already emerged, including (1) the importance of developing a framework of multidisciplinary and cross-cutting metrics that reflect the critical role of surgical, obstetric, trauma, and anaesthesia care services at the first-referral level, and (2) the need for coordinated global targets to provide specific, time-bound and actionable objectives that will guide the response of global stakeholders. Similar strategies have been successfully employed by other global health movements \[[@CR11]\].Fig. 1Timeline of the global consultative process for the development of surgical indicators and the unifying target for safe surgical and anaesthesia care

Development of the G4 alliance platform {#Sec3}
=======================================

Development of surgical indicators and global targets {#Sec4}
-----------------------------------------------------

Key outputs from the G4 Alliance's consultative process include cross-disciplinary goals, targets, and indicators as well as a framework of international standards and guidelines that can be adapted to local and regional contexts. This consultative process began with the establishment of an expert working group on goals, targets, and indicators. This group first defined the primary purpose of surgical indicators: (1) to serve as tools for advocacy, quality, and patient-centred care at the local, national, and international level; (2) to guide decision making around surgical services at the local and national level; and (3) to assist fundraising and resource mobilization efforts by demonstrating existing needs and goal-oriented progress over time.

In addition, the working group established that all indicators considered in the process must: (1) build and strengthen existing initiatives, especially building upon established priority indicators put forth by the LCoGS \[[@CR2]\], the WHO's Core 100 List of Health Indicators \[[@CR12]\], the World Bank's World Development Indicators (WDIs) \[[@CR13]\], and the UN SDGs \[[@CR5]\]; (2) be practical and feasible to collect; (3) be applicable at the international, national, and regional levels; (4) contribute to the G4 Alliance's aim to collectively represent diverse socioeconomic and multidisciplinary stakeholders invested in improving surgical care; and (5) support a unifying target to help align global efforts.

Establishing consensus surgical indicators began with a detailed review of existing repositories of health indicators, including the LCoGS \[[@CR2]\], WHO's Core 100 List of Health Indicators \[[@CR12]\], World Bank's WDIs \[[@CR13]\], UN SDGs \[[@CR5]\], and indicators utilized in other global health advocacy efforts \[[@CR11]\]. During this review, it was noted that these groups had already done exceptional work. In particular, the six indicators proposed by the LCoGS for surgical systems strengthening were extremely relevant and timely. It was additionally felt that there was a need to add indicators that also synergistically represented obstetric, trauma, and anaesthesia care along with those for surgery in order to create a more nuanced picture of a health system's surgical and anaesthesia care capacity. Thus, the working group began with the six core surgical indicators established by the LCoGS \[[@CR2]\] and then incorporated additional metrics that reflect the synergistic role of providing surgical, obstetric, trauma, and anaesthesia care. As part of this process, the G4 Alliance hosted three global webinars throughout 2015, bringing together multidisciplinary content experts, member organizations, and members of the general public. Additionally, specific input was sought from expert stakeholders from across disciplines of surgical, obstetric, trauma, and anaesthesia care.

Initial recommendations were consolidated by the working group and presented during G4 Alliance regional consultative meetings held in Prague, Czech Republic, during the International College of Surgeons Jubilee World Congress, and during the Confederation of Latin American Societies of Anaesthesiologists Congress (CLASA; the World Federation of Societies of Anesthesiologists' Latin American Regional Section) in Lima, Peru, both in September 2015. Emerging ideas were introduced and debated by attendees during these regional meetings, helping the working group to achieve a consensus. A summary of the consultative process is included in Fig. [1](#Fig1){ref-type="fig"}.

A preliminary set of consensus indicators and a proposed unifying global target were introduced at the G4 Alliance's Board Meeting, African Regional Launch Event and Consultation held in Blantyre, Malawi, in December 2015. During these meetings, proposed consensus indicators were introduced, debated, and refined in breakout sessions and plenaries. After a period of public reporting and open discussion, the list of 15 consensus surgical indicators for global surgical, obstetric, trauma, and anaesthesia care (Table [1](#Tab1){ref-type="table"}) was established, along with a global unifying target. This list is comprised of the six core surgical indicators from the recent LCoGS \[[@CR2]\], as well as nine other multidisciplinary surgical indicators previously established by either the WHO or other professional associations \[[@CR12], [@CR14]--[@CR17]\]. The multidisciplinary framework of the 15 consensus indicators includes three key domains: access, quality, and financial risk protection. While each indicator provides unique information, they are purposefully interdependent and designed to be implemented and monitored as part of a complete surgical care package.Table 1Proposed indicators to monitor and evaluate surgical systemsDomainBest forIndicatorReferenceAccessSurgical systemAccess to timely essential surgery^†^WHO Core 100\*\*Specialist surgical workforce density^†^WHO Core 100\*\*Trauma careEstimated proportion of seriously injured patients transported by ambulanceWHO IMRTrauma and obstetricsNational whole blood donation rateWHO GDBSObstetricsC-section rateWHO Core 100+AnaesthesiaProportion of operating theatres with pulse oximetryWHO PSPOPRatio of anaesthetists to surgeonsWHO Core 100\*\*QualitySurgical systemSurgical Volume^†^WHO Core 100\*\*Perioperative mortality rate (POMR)^†^WHO Core 100Trauma careInpatient trauma mortality rateACS COTObstetricsMaternal Mortality Ratio (proportion due to maternal haemorrhage, obstructed labour)WHO Core 100\*\*Neonatal mortalityWHO Core 100AnaesthesiaPOMR on operative dayWHO Core 100\*\*Financial risk protectionSurgical systemProtection against impoverishing expenditure^†^WHO Core 100\*\*Protection against catastrophic expenditure^†^WHO Core 100\*\*^†^Core LCoGS measure for surgical systems strengthening, WHO Core 100: Worth Health Organization's Global Reference List of 100 Core Health Indicators, 2015, WHO Core 100\*\* the surgically relevant indicator can be disaggregated from existing Core 100 indicators, WHO Core 100+ signifies a Core 100 "Additional Indicator", WHO IMR: WHO's Indicator and Measurement Registry, WHO GBDS: WHO's Global Database on Blood Safety, WHO PSPOP: WHO's Patient Safety Pulse Oximetry Project, ACS COT: American College of Surgeons Committee on Trauma

Consensus surgical care indicators {#Sec5}
----------------------------------

Throughout this consultative process, there was significant discussion regarding the need to balance the adoption of key indicators of surgical care with the burden of implementation and national-level data collection. Collecting these surgical indicators requires a dedicated workforce and a process by which governments can receive sustainable support for the collection and analysis of data. This process requires manpower and resources, representing potential hurdles to tracking and reporting. Fortunately, many of these indicators are currently being collected, decreasing the burden on national health systems.

### Access to surgical care {#Sec6}

The first two indicators include access to timely essential surgery and specialist surgical workforce density. In accordance with the LCoGS and the WHO Core 100, timely access is defined as the proportion of the population that live within 2-h travel time to a facility that can provide services including caesarean section, laparotomy, long bone fracture repair and cranial surgery, while surgical workforce density is defined as the number of trained surgeons, anaesthetists, and obstetricians per 100,000 population \[[@CR2], [@CR12]\]. Taken together, these two population-level indicators provide an overall measure of the availability of a basic level of surgical care.

The estimated proportion of seriously injured patients transported by ambulance and the caesarean section (C-section) rate provide a more complete understanding of access to trauma and obstetric care \[[@CR12], [@CR14]\]. Previously used as a proxy for timely access to trauma care \[[@CR18]\], the proportion of injured patients transported by ambulance is an important access measure which has been established as a "pillar indicator" by the UN's Road Safety Collaboration and the WHO \[[@CR19]\]. In the 2015 Statement on Caesarean Section Rates \[[@CR20]\], the WHO affirms the live-saving role of C-sections, when indicated. While rates above 10% have not been linked to reductions in maternal and newborn mortality rates \[[@CR20]\], tracking the C-section rates is critical to identify both insufficient access and overuse. Critical for all surgical patients, the WHO report on blood safety highlights the "major imbalance between developing and developed countries in the level of access to safe blood" with a median national whole blood donation rate of 36.4 donations/1000 population in HICs versus 2.8 in LICs \[[@CR21]\]. As such, national whole blood donation rate provides an important proxy for both resource availability and systems development \[[@CR15]\].

Anaesthesia is essential to safe and pain-free surgery and represents a major contributor to positive outcomes after any intervention \[[@CR22]\]. Access to safe anaesthesia care underpins any surgical care delivery system and can be monitored by tracking the ratio of anaesthetist to surgeon and the proportion of operating theatres with pulse oximetry \[[@CR16]\]. Tracking and improving the ratio of anaesthetist to surgeon is necessary to address the critical lack of trained anaesthesia providers globally \[[@CR23]\]. Additionally, the proportion of operating theatres with pulse oximetry, previously established as a marker for the availability of essential surgical equipment \[[@CR24]\], is critical to providing safe surgical and anaesthesia care. Notably, up to 70% of district hospitals in sub-Saharan Africa do not have pulse oximetry available \[[@CR25]\], further underscoring the importance of implementing this measure. These proxy measures correlate with access in terms of both human and material resources and provide a more detailed description of the distribution and availability of safe anaesthesia.

### Surgical care quality {#Sec7}

The G4 Alliance joins others in promoting perioperative mortality rate (POMR) as a fundamental quality metric for surgery \[[@CR2], [@CR12]\]. Defined as death on the day of surgery, death before discharge, or death within 30 days of procedures, POMR is a feasible, credible, and critical measure of surgical quality \[[@CR2], [@CR13], [@CR25], [@CR26]\]. As case mix and volume are integrally related to mortality risk, POMR should be considered in the context of overall surgical volume, measured in cases per 100,000 population \[[@CR2], [@CR12]\]. While day of surgery mortality may be secondary to a myriad of causes including severity of patient's illness, case complexity, intraoperative decision making, and resource availability, it may also reflect the quality of anaesthesia care. Documenting the presence of untreated head injury as part of the multi-trauma patient population will inform the POMR in the presence of unavailable timely imaging and surgical resources. Areas without the capacity to provide high-quality, safer anaesthesia care will have a much higher perioperative mortality rate within 24 h of surgery. Additionally, day of surgery POMR will provide more much meaningful information regarding the safety of anaesthesia care than will 30-day POMR. As such, longitudinal tracking of day of surgery POMR can provide important insight into the safety of anaesthesia care \[[@CR2], [@CR12], [@CR22]\]. Although these measures may be coarse, they serve as a requisite starting point for any surgical system seeking to improve the quality of care delivery.

The current standard for assessing quality of trauma care is the inpatient trauma mortality rate \[[@CR17], [@CR27]\]. When viewed alongside the trauma-related access measure of proportion of injured patients receiving ambulance transport, these two indicators provide an overall sense of both access to and quality of trauma care. Similarly, the quality of obstetric care is determined by not only access to caesarean section, but by the maternal mortality ratio (MMR), with specific attention paid to the proportion of MMR related to surgically amenable causes such as maternal haemorrhage and obstructed labour \[[@CR12]\]. Often used to interpret the benefit of population-level access to C-sections \[[@CR28]\], Neonatal mortality rate[1](#Fn1){ref-type="fn"} represents another important indicator related to timely access to safe surgical care. Taken together, these two indicators are crucial to the development of a surgical system that can significantly impact both maternal and child health care.

### Financial risk protection {#Sec8}

Findings from the LCoGS suggest that approximately 33 million people worldwide face catastrophic health expenditures each year, directly attributable to costs related to surgical services \[[@CR2]\]. When factoring in non-medical costs, this estimate increases to 81 million people \[[@CR2]\]. Simply put, there is no quality without access, and there is no access if millions of individuals cannot afford essential surgical services. As such, the G4 Alliance promotes the use of indicators to measure protection against catastrophic expenditure[2](#Fn2){ref-type="fn"} as well as protection against impoverishing expenditure \[[@CR2], [@CR12]\].[3](#Fn3){ref-type="fn"} These measures are calculated as the proportion of households that are protected from either catastrophic or impoverishing expenditures due to direct out-of-pocket costs of surgical care.

### Monitoring surgical indicators {#Sec9}

The proposed surgical indicators (Table [1](#Tab1){ref-type="table"}) rely on established indicators that can serve as a proxy for systems capacity rather than disease-specific clinical data. We recommend that health systems conduct routine and standardized collection of data to allow comparisons over time and between locations. Routine assessments of burden further allow for advocacy around prioritization of specialty care as a part of the overall surgical community, with indicators specific to a disease or condition (Table [2](#Tab2){ref-type="table"}). Such assessments will allow national health organizations to focus on areas of need within the broader field of surgical care itself, including specialty disciplines.Table 2Proposed indicators to monitor sub-specialty careBurdenPopulation-level incidence and prevalence measuresDALYs attributed to condition; proportion of DALYs avertable by treatmentAccessProportion of population able to access facilities providing condition-specific careSub-specialist providers per 100 K populationQualityAnnual volume of sub-specialty proceduresPost-operative mortality/morbidityFinancial protectionInclusion into national insurance coverageProtection against impoverishing and catastrophic expenditure

Unifying global target {#Sec10}
----------------------

The indicator framework is designed to measure the ability of a health system to provide safe, high-quality, accessible surgical care. Demonstrating sustained progress across these interdependent indicators is critical to achieve universal access to high-quality surgical, obstetric, trauma, and anaesthesia care. After consensus consideration, the G4 Alliance established its unifying global target as "Safe Surgical and Anaesthesia Care for 80% of the World by 2030". This global target is meant to be applied at the global, national, and subnational level, incorporating the interdependent nature of access, quality, and universal health coverage. As up to 5 billion people currently lack access to safe surgical care \[[@CR2]\], urgent action is required worldwide to meet the critical needs of the neglected surgical patient.

The way forward {#Sec11}
===============

The G4 Alliance and its member organizations are committed to achieving the global goal of "safe surgical and anaesthesia care for 80% of the world by 2030". The proposed 15 consensus indicators were chosen so that we can critically monitor and evaluate efforts, as we collectively create a path towards this goal. These consensus indicators integrate the collective interests of surgery, obstetrics, trauma, and anaesthesia by providing interdependent measures of access, quality, and financial risk protection. They have been purposefully drawn from existing indicators, which will facilitate monitoring and evaluating ongoing surgical systems strengthening efforts. Ultimately, their collective adoption will be critical to effective implementation of safe surgical systems for the world's neglected surgical patients.

Immediate action is required to translate academic, political, and advocacy efforts into tangible, effective implementation of surgical care delivery. As an initial step, countries are encouraged to develop national surgical plans (NSPs) to assess their own strengths, weaknesses, needs, and goals regarding safe and effective surgical care delivery. It is reassuring to note that in response to the LCoGS nearly a dozen countries are already beginning to develop NSPs, which is a very welcome occurrence. Many of these countries are being assisted by the LCoGS and are focusing their initial indicator data collection on the six core LCoGS indicators for surgical systems. In addition, the World Bank is considering inclusion of these core measures in their World Development Indicators, which will make their collection even more sustainable and durable. As an alliance, we applaud these initial efforts and believe that collection of these six core indicators will lay the groundwork for the collection and utilization of the broader 15 consensus indicators presented in Table [1](#Tab1){ref-type="table"}. (The six core indicators mentioned above are included within these 15 consensus indicators.) Indicators are critical components to guide both the development and the monitoring of progress within a national surgical plan. As these plans begin to emerge, collection and monitoring of indicators may vary based on individual country circumstances. For reasons of sustainability and feasibility, many may choose to begin data collection with a more limited set such as the six core surgical indicators proposed by LGoGS. This is understandable, and we agree that at a minimum, all NSPs should include collection of these measures. However, as an alliance we strongly recommend countries to quickly develop the capability to gather and utilize all 15 of the consensus indicators presented in this document so that a more complete understanding of a nations' Surgery, Anaesthesia, Trauma, and Anaesthesia care can be ascertained and responded to. Continued collaboration throughout the surgical community is needed to establish best practices to support development of NSPs for countries in critical need of surgical systems strengthening.

Moving forward, consensus indicators must be incorporated into a new global accountability framework for surgical care, which will allow clinicians, governments, funders, local and international organizations to unite around common goals and targets, and track progress over time. This framework is needed to expand upon the key messages championed by the DCP3, the LCoGS, WHO GIEESC, and the G4 Alliance \[[@CR2], [@CR7], [@CR8]\] and promote international standards and guidelines to evaluate health systems improvements. An agile data platform is also needed to help avoid siloed efforts and improve economies of scale through interconnectivity and alignment of goals and stakeholders, while tracking developments in clinician training standards as well as ongoing partnerships.

Building consensus for indicators and global targets represents an essential step towards developing a global accountability framework for surgical care, as a critical component of health, human rights, and economic growth. Revisiting the call to action shared by Dr. Hafdan Mahler, WHO Director General in 1980, these efforts are important to ensure that "surgery will play its proper role in bringing the people of the world nearer to the goal of health for all...." \[[@CR29]\] Surely by achieving safe surgical and anaesthesia care for 80% of the world by 2030, we will be closer to achieving this goal for humanity.

Number of deaths before 28 days of age per 1000 births.

Expense that exceeds 40% of annual post-subsistence income.

Expense that causes a household to fall below the poverty line.
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